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This mention relates to inhibitors of serine proteases such as thrombin, factor Xa. kallikrein and plasmifl 
as well as other senne proteases like prolyl endopeptidase and Ig Al Protease. Thrombin, the last enzyme in 
the coagulation system, cleaves soluble fibrinogen to fibrin, which is then crosslinked and forms an insoluble 
gel taming the matrix for a thrombus. When a vessel is damaged, the above process is necessary to stop bleed- 
ing. Under normal crcumstances there is no measurable amount of thrombin present in plasma. Increase of 
the thrombin concentration can result in formation of clots, which can lead to thromboembolic disease one of 
the most common serious medical problems of our time. 

Thrombin contributes to haemostatic control by means of several biological reactions. In addition to its prim- 
ary function, the conversion of fibrinogen to fibrin, thrombin activates Factor XIII. which is responsible for the 
crosslink.ng of fibnn. Thrombin also acts by means of a positive feed back mechanism involving the activation 
of Factors V and VIII, which both are necessary for its own formation from prothrombin. Thrombin has another 
haemSLsfe' bindi " 9 * ^ a99re9ation wnich is ^sponsible for primary 

The reactions of thrombin are further controlled by natural inhibitors in plasma. The most important of these 
are antrthromb.n III and heparin. These two compounds have been isolated and are therapeutically and 
prophylactically used in conditions where there is an imbalance in the haemostatic mechanism with riskfor prot- 
hrombin activation. 

Synthetic thrombin inhibitors, having oral activity, would be useful as alternatives to the parenteral admini- 
strate of these natural inhibitors. Much research in this area has resulted in the synthesis of good inhibitors 
of thrombin in yitto. but as yet there is no really good candidate for oral therapeutic use. By imitating amino 
acid sequences of fibnnogen. the important natural substrate of thrombin, several good short peptide substrates 
for thrombin have been produced. These peptide substrates have also been transformed into inhibitors of the 
enzyme. Thus the chromogenic substrates D-Phe-Pro-Arg-pNA and D-Phe-Pip-Arg-PNA mimic the sequence 
preceding tiie bond split by thrombin. The corresponding reversible and irreversible inhibitors, D-Phe-Pro-Arqi- 
nal and D-Phe-Pro-Arg-CH 2 CI show inhibition in vitro in the 1 CH M range. 

Chloromethylketones are generally too nonspecifically re-active to be ideal for therapeutic use. and the 
peptide aldehyde exemplified above has quite a low LDr, value. 

Factor Xa is the coagulation enzyme responsible for the generation of thrombin by limited proteolysis of 
T 09 !"' p "! thrornbin - ° n a wei 9 ht for wei 9™ b«is factor Xa is at least 10 times more thrombogenic in 
vrvethan thromb.n. This arises from the fact that factor Xa is one step above thrombin in the amplifying cascade 
system, so that one molecule of factor Xa can generate many molecules of thrombin from its precursor Its pro- 
tency may also arise from the rather slow removal of factor Xa by the body. Thrombin, unlike factorXa. is rapidly 
cleared from circulating blood onto high affinity sites on the vessel wall. The central position of factor Xa at the 
junction of the intrinsic and the extrinsic pathways should make it a suitable target for modulating the haemos- 
5 tanc mechanism. 

Kallikrein is formed from prekallikrein by the action of factor XII. when located on a negatively charged sur- 
fed- Kan,kre,n ,n turn can cleave factor XII to factor Xlla. thereby forming a reciprocal activation system Factor 
Xlla ,s the first enzyme of the intrinsic part of the coagulation system. The significance of the contact system 
is probably as a surface mediated defense mechanism, and a large scale activation of the system is normally 
seen during shock or disseminated intravascular coagulation (DIC). The role of kallikrein at this stage is to 
cleave high molecular weight kininogen with the release of the vasodilator, bradykinin. Bradykinin also causes 
increased vascular permeability, pain and migration of the neutrophil leucocytes. Inhibitors of kinin formation 
have been shown to be beneficial in certain types of inflammation, including arthritis and pancreatitits. and may 
be useful also in the Ireatment of asthma. The only substance that has attained clinical significance as a kal- 
likrein inhibitor, is aprotinin (Trasylol). Aprotinin is a polypeptide of molecular weight 6.500. and forms a stable 
complex with proteases, having a binding constant of lO-'MO- 13 M. 

Fibrinolysis is the process which causes an enzymatic dissolution of fibrinogen and fibrin clots. Plasma 
contains a protein, plasminogen, which under the influence of various activators is converted to plasmin a pro- 
teolytic enzyme, the activity of which resembles that of trypsin. Plasmin breaks down fibrinogen and fibrin to 
fibnn/fibrinogen degradation products. 

Under normal conditions, the fibrinolysis system is in balance with the coagulation system. Small thrombi 
formed in the blood stream can be dissolved enzymatically and the circulation through the vessels can be res- 
tored by the activation of the fibrinolytic system in the body. If the fibrinolytic activity is too high it may cause 
or prolong bleeding. The activity can be inhibited by natural inhibitors in the Wood. 

Prolyl endopeptidase cleaves peptide bonds on the carboxyl side of proline residues within a peptide chain 
It is a senne protease which readily degrades a number of neuropeptides including substance P. neurotensin 
thyrotrop.n-releas.ng hormone and luteinizing hormone-releasing hormone and which has been associated with 
the ability of cell to produce interleukin 2 (IL-2). The enzyme is inhibited by benzyloxycarbonyl-prolyl-prolinal 
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tidase. it may play a prominent role in pre dom^antform of antibody which ^pnses ^ 

The Ig A proteinase-catalyzed cleavage £19 A ,m P Fab regio n S of the motecute. _Such 

,i„e of defense against •'"fe rtton ^ separa ^ a ^ s F h C i ta^, Icrob*. activity. All .g A proteinases identified thus 
cleavage would be expected to impair or abolish ite > *™™*° Me pr0 |yl-boronic acids inhibit g A 1 

Rafter a proHne residue >*^~£Z£X21 inofcating these enzymes be,ong to the 
proteinases from Neissena gonorrhoea and nemop 

serine protease family of proteolytic enzymes. nhusioloai cal processes which have been associated 

""re mu, ti p.e roles played by thrombin, a vjr* —* ««- a potenba. use of 
with pathological disorders such as cancer fte ^vascular system, 

thrombin inhibitors in several ^^^^^^ associated with the generation o hrom- 
Many tumor cells have been shown to elicit P^ 39 "'^" !^^ which are thought to be important for the 

growth of the tumor. Additionally, due to its e«e«s « - bjMW* ^ beneficial not only in the ^atmento^ 

^ThSa^^ 
^^^^ 

SSThSS- arthritis and utcer^vc ^ makes « to a potential target for the 

,ts involvement in all these P^^^^^Z^ pathological disorders, 
therapeutic treatment with thrombin inhibitors \^^To^u6 a specific natural thrombin antagonist 
The activity of the protease nexin-1. a modulator* ne ^ ^ n f ^ toge ther with the observabon 
fe uSE 3 specmcally decreased in .P^^SSI su99-ts thai t^mbin inhibitors rnay have 
m at thrombin-Uke activity was increased * e with thrombin 

.c^B^ amino ack. »~10J «» b= ^ » a J» e 0 h '^,„ ani P.pMe bo,..* I— 

T^meraction of boronic acids with proteases in ^^fSSw e boronicacid inhibitors of elastase 
a^SrhowntobesufT^ pe^e chiorome^etone, 

EZean P atentApp.ication293 881 J-f^SS^ 2*» * P "*SE 
acid derivatives of lysine. N the L- forms of the 20 natura.ly-occumng ammo 

The other amino acids in the peptides are all either m 

Accordingly, the present invention provides compounds of formula I 



so 



chain. 

ccordingly. the present invent, y 

* / 
y _ T - N - CH - B 

I I. V 
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^J^W^oaikyi R, is a group -A-X wherein A is 
^wrf^ 2 - m which 2 is 2 t 3 f 4 or 5* -CHfCH uru \ . 

. Sbon. or represent"^ mixture o&ese ^ '° ^ atom ma * ed * "** have the D- or Uxmfigo! 

phenyl; of which R.OCO- is prefer The r3'n, T I P V ^ * P* 16 "*' na P^yl or C„ alk I 
which y is tert- but* <<esigna^^ - those of fonnuia r/occ£ 

Preferably Re is R s - where R*' is rrw » v" . 7 02x1 < des, 9nated 2). 

Preferred compounds are those of formula la 
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OR, 

* / 
V-Y-N-CH-B 

I I \ Ia 

30 R 4 Rs 0R 10 

9*col; 1.2-hexanediol; 2.3-hexanedio.; die th^fam ne ^0^^ ndi °'" 2,3: ethylene 
35 ^'aresubstitutedonadjacentca^^ aTOmatic """pounds having hydroxy 

Particularly prefer are those compounds t whic^O T^TS"*?* 6 b y a " 0 *er carbon atom? 
of formula a) or the group of formula b) 1 a " d ° 2 teken t0 9 ether ^Present the group OPin 



40 



- o. 




- 0 

45 ~ - 0 

a) 




oc^tr^^ 

«, acrds such as glutamic acid gamma-piperidide aC,dS ° r Chemica,, y modifi «* alpha-amino 

(Glu ) 

Preferred unnatural amino acids are of formula II 
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NH - CH - C - 



II 



Inwhich^isanydn^ 

optionally by a polar group substituted aromafc group or an a cyd, group haymg , a ^ 
10 polar substituents. or to a tert butyl or trimethylsdyl group. Preferably R„ .s R„ where k„ 
mulaec).d),e).f),g).h)ori) 
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C) 



-CH 2 -Si(CH 3 ) 3 



d) 




CH 2 



e) 
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-ce 2 -c(CH 3 ) 3 
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HO 



CH 2 - 




CH 2 - 



O 



0 C«H 5 

I x 

C 6 H 5 
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f) 8> 
The unnatural amino acids of foimula II may be in 



h) i> 
D- or L- form or any mixture of these, but are preferably 



inD-form. . 1 ; n which Y is a sequence of two amino acids. 



formula 



45 




50 



These more preferred compounds have the formula V 



55 



V - NH - CH(Ru) - CO - *™ " N - CHR* - 

R 4 Q2 
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in which X is -NH2 may in turn be produced by hydrogenabon of a compound <"™"£2" X ' S ^ 
wuHmnpnatinn mav be carried out under standard conditions using for example a Pd/C cataiysi. 

°, in which X is -N, may be produced by reaction of a compound of formula V, 

Qi 

/ 

V-Y-NH-CH-B VI 

I \ 

Rl2 <h 

in which W Y Qi and Q 2 are defined above and R 12 is -A-Br wherein A is definded above with sodium azide 
in foSar apratic solvent such as dimethyl suboxide. Compounds of formula I in which X ,s an alky.th» ^group 
Ly^Cd f by 1 reaction of a compound of formula V. with a thiol in the presence of an organ* base 

"The inmates of formula V.. as we,, as compounds of formula . in which X is -SKCH,), or an alkoxy 
group may be obtained by the reaction of a compound of formula VII 

Qi 

/ 

ci - ce - b 711 

I \ . 

R13 Qz 

in which Q, and Q, are defined above and R 13 is -A-Br. A-Oalky. '^^^^S^Si 
with LiNtSi(CH 3 ) 1 h. flowed by hydrolysis with 3 mole equwalents of acd and couphng wrth a protecteo pep 

of formula VIII 



W - Y - 0 - N VIII 




8 (1 Tte p™.=» a pwM. o. ton«,l a VII. ma, b e spared b, >re J^^'j^e 
(to example ft. an»o «ad ,a ' f~ p « J™^, a Soc. 109. 6681 (1987). 

Assess 

system, for example Xa inhibitor have anb-thrombogenic 

Those compounds °< age nt is needed. Generally, these compounds 

properties and ^JT^^^JS^ an anti-thrombogenic effect .n the case of larger 
may be adm.nistered orally » « administered alone or in combination with pharmaceubcal 

mammals such as humans, the ^°^™ y **°™ b ly weight and preferably 1-10 mg/Kg to obtain the 
carriers or diluents at a dose J^^Jjg ^ or in dlided doses or as a sustained release for- 

rmi=^ 
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in which W. R,. Rg, Ri„ Q„ and Q 2 are as defined above. 
Particularly preferred compounds are those of formula I* 



V - NH - CH(R lx ) -CO - Pro - N - CHR 5 ' - B 

I 

R« 

10 in which W, R* Rg' and R„ are as defined above. 

The most preferred compounds are the compound of formula III 



^0 
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the compound of formula IV 
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and the compound of formula V 



III 



IV 



40 



45 



SO 




H 0 T 



55 .-cskss^^ 

fcon£l!!^^ X * may be prepared by reacting a compound of 

rmu l a.,nwti,chX,s-NH 2 w,th cyanam.de .n an organic solvent under strong acid conditions. The compounds 
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ir np.antab.eappa P ra titNc; T^^^S^ M ° » distributi °" «"*"«. tubing or 

tO^^^^ZZ^ " J? inVenU ° n ^ ° ral aC ™* «* of acuity and ,ow 
-iJtocJp^ 



^ »n the following exampleMhe symbols have the following meanings 



50 



55 



o = benzyioxycarbonyl 

800 = t-butyloxycarbonyl 

10 =acetyl 

MeOH = methyl alcohol 

EtOAc = ethyl acetate 

??JL ■ d'cydohexylcarbodiimide 

"° NSu = N-hydroxy-succinimide 

,5 OP,n = pinanediol 

THF = tetrahydrofuran 

"- Bu = n-butyl 

Np = P-nitrophenyl 

I LC = thin layer chromatography 

20 Bzl = benzyl 

J^, ^-NH-CHKCHjCHjCH^OB- 

IMSal = trimethylsilylalanine 

Adal = adamantylalanine 

Na P hal =2-naphthyialanine 

25 BoroOm = -NH-CHKCHjCHjCHjNH^B- 

BoroArg s -NH-CH^CH^NHCfNHJNHJB- 

Aag,v = 1-adamantylglycine 

BoroPro- = analog of proline in which the -COOH 

° " = group is replaced by B-Opin 

30 BoroLys = -NH-CH-fCHj-CHz-CHj-CHz-NH^B- 

BoroMpg =-NH,CH-<CH 2 CH 2 CH r OCH3)B. 

^™!-^ hal a P-hydroxymethyl-phenylalanine 

p-TBDPS-O-Me-Phal = p-tertbutyl-diphenyl-silyl-oxy- methyi-phenylalanine 

ofa^e^rth^ 

with the phosphate buffer desrfbTaboT stock so.ut.on. Further dilutions are performed 

lowed for 3 £ ^ to T by ^^0,?^ TIT °' ^ »"*«"«* * «■ 

calculate the kinetic DaramTt^lT ^ ^ at405 nra ^ °*a are used to 



Kfi ♦ , K<» «pp = K, (1 + S/Km) (1) 
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P = V.t + ^^ll-exp^t)] (2) 

where P is the amount of pNA formed at time f . V 0 the initial rate, V, the rate at steade-state, and k,* an appa- 
rent global reaction rate as a function of E,, l„ K,, w . and the observed second-order rate constant (k' m ) for 
the interaction between inhibitor and enzyme. Data from slow, tight-binding inhibition measurements are fitted 
to equation (2) by a nonlinear regression analysis which yields estimates of Iw Values for k',,,. k,* and K,. 
are then obtained from a plot vs OJ. The value for k*, is given by the vertical intercept, while the values of 
k'on and K, are calculated from the slope and horizontal intercepts, respectively, using equation (1 ). 

Example 1 

Boc-TMSal-Pro-NH-CHKCH^ N JBOPin 

A. Boc-D-TMSal-OH 

D-TMSal ethyl ester (21.5 g, 113.7 mMol). prepared according to the procedure given in Angew. Chem. 
g3 793 (1981), is dissolved in CH 2 CI 2 and a solution of an excess of BocjO in CH 2 CI 2 is added. After 15 hr at 
room temperature. 500 ml of ice-cold 0.25N hydrochloric acid is added. The organic layer is washed with 5% 
NaHCO s and brine, then is dried over Na 2 S0 4 and concentrated in vacuo. 

The crude material (colourless oil) is used directly in the saponification step. It is dissolved in methanol, 
cooled to 0°. mixed with 510 ml of 1N NaOH and stirred at 0» for 3 hr. After acidification to pH1 with 1N HCI, 
the mixture is extracted several times with ether. The organic layers are combined, washed with bnne. dned 
over N a2 S0 4 and concentrated in vacuo. The product (29.7 g oil) is used in the next step without further puri- 
fication. 

B. Boc-D-TMSal-Pro-ONSu 

Boc-D-TMSal-OH (29.7 g, 1 1 3.7 mMol) and p-nitrophenol (1 9.0 g.1 36.3 mMol) are dissolved in EtOAc. After 
cooling to 0" DCC (23.4 g, 113.6 mMol) is added and the mixture is stirred for 1 hr at 0" and then for 15 hr at 
room temperature. The precipitate is filtered off and washed with EtOAcand the filtrate is concentrated in vacuo. 
The resulting oil is purified by flash chromatography (9:1 hexane/EtOAc) to give the desired Boc-D-TMSal-ONp 
as white crystals. 

Boc-D-TMSal-ONp (51 .6 g. 1 13.7 mMol) is dissolved in THF and an aqueous solution of equimolar amounts 
of proline and Et s N is added. After 20 hr at room temperature, the THF is removed in vacuo and the aqueous 
residue is diluted with waterand then extracted several times with EtOAc. The pH of the aqueous layer is adjus- 
ted to 3 by adding 10% citric acid. The resulting oily product is extracted several times with EtOAc. The com- 
bined organic layers are washed with brine . dried over Na^O, and concentrated in vacuo. The colourless orf 
is recrystallized from ether/hexane to give the dipeptide Boc-D-TMSal-Pro-OH as a white crystalline compound 

The resulting dipeptide (26.0 g. 72.5 mMol) is dissolved in EtOAc. After cooling to 0 e . HONSu (9.8 g, 85.5 
mMol) and DCC (14.9 g, 72.3 mMol) are added. The mixture is stirred for 3 hr at 0» and then for an addibonal 
15 hour at room temperature. The mixture is recooled to 0°. the dicyclohexylurea is filtered off and washedsev- 
era! times with EtOAc. The filtrate is washed with aqueous 0.1 M Na 2 CO, and then with aqueous 2 ^ KHS0 4 . 

After drying over N a2 S0 4 and concentration in vacuo. Boc-D-TMSal-Pro-ONSu is obtained as a white foam. 

C) Boc-D-TMSal-Pro-Baa-OPin 

This procedure is a one-pot 3-step procedure which comprises the in situ formation of a chiral a-(bis- 
trimethylsilyOamido boronate. the hydrolysis of the two trimethylsilyl groups and the coupling of the so formed 
a-amino boronate with the active ester (Boc-D-TMSal-Prc-ONSu) prepared in step B. The entire sequence of 
reactions is carried out under an argon atmosphere. The chiral a-chloro boronate (( + )-PmanedioKS)-1-cWo- 
rcMV-bromo-butane-1-boronate) (1 .75 g. 5.0 mMol) is dissolved in 2.5 ml THF and is added to a preceded (-78J 
solution of lithium hexamethyldisilazane (5 ml of a 1.0 M solution in hexane. 5.0 mMol). After stirnng for 30 
minutes at -78°, the solution is warmed up overnight to room temperature. After recool.ng to -78 . 3 mol equi- 
valents of HCI in dioxane are added. The mixture is warmed up to room temperature and is stirred for 2 hr ■* 
this temperature. After recooling to -20'. a solution of the active ester of step B (2.28 9. 5.0 mMol) in 6 ml CH 2 CI 2 
is added, followed by the addition of 1.39 ml (10.0 mMol) of triethylamine. 
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The mixtures stirred fori hrat-13^warmeduptoroomtemperaturea^dstirredfor2hratthistemperature^ 
I mm?^.?m ! i I tered ' ,he fi ' trate * concentrated in vacu °. «he residue is diluted with ether and washed with 

HQ. 5/. NaHC0 3 and brine. The organic layer is dried over Na J S0 4 and concentrated in vacuo. The residue 
crystalled on standing to give the desired chiral peptide boronate as a white crystalline compound. 

D) Boc-D-TMSal-Pro-NH-CHfiCH ? ) 3 N 3 ]BOPin 

Boc-D-TMSal-Pro-Baa-OPin. the product of step C (804 mg, 1 2. mMol) is dissolved in 13 ml of DMSO and 
sod,um az.de (1 56 mg, 2.4 mMol) is added. The mixture is stirred for 3 hours at room temperature Eth e ?/ ice 
t^H It h a " d j mmediate, y white By*™* ™ Precipitated out of the mixture. The white precipitate is fil- 
tered off and washed wrth ether to give 0.6 g of the azide as a white crystalline compound. 



Example 2 

Boc-D-TMSal-Prc-BoroOrn-OPin 



con ^V!?? 1 (569 mfl ' 0 9 mMd) is disso,ved in 25 «* E,0Ac *W is hydrogenated in the pre- 

ySdawhtefoal h° n" ' * ^r" * iS rem ° Ved and the * conc^ted in va^o to 

yield a white foam, which is recrystallized from EtOAc / etherto give the desired product as a white crystalline 
compound, m.p.: 200 -202», [ak» = - 11.6» (c = 0.5 in MeOH). crystalline 

Example 3 

Boc-D-TMSal-Pro-boroArg-OPin ( benzene sulfonate) 

Boc-D-TMSal-Pro-boroOm-OPin of Example 2 (250 mg, 0.412 mMol) is dissolved in 2 ml ethanol Benzene 
bv RpTcfj^^i h m,XtUre ' S he3,ed underrcflux - The P^ress of the reaction is monitored 

ninhydrin spot forthe amine ^ and * e a PP eara " ce 

u^n ifSn^nlf w P -^ UCt " 0bSerVed AfteF 7 dayS ' amlne 030 no l0 "9 er * ducted andTthe sol- 

The desired product is obtained as a white foam, 
[a] 0 » = - 45.3° (c = I in CHjCy. 

Example 4 

Boc-D-TMSal-Pro-NH-CHfrCH^ N ^B-OPin 

A) (+)-pinanediol-(S)-1-chloro-5-bromo-pentane-1-boronate 

oJ^JritS? £f T M00 18 With (24.4 g. 203.3 mMol) at 100-C 

impound ,S VaCU ° 10 9iVe ^^utane-l-boronate as a white crystalline 

»lTT!S^ 7 |fJ2r^ Iff - " ™ F ab ° Ve SymheSi2ed ^c-butane-1-boronate 

« l « k ? 1 hf at IOOm temDerature . THF is removed in vacuo and the residue is 

r^oSoa Chr0ma,ro9raphy (90:10 h *™*a°Ac) to give (+)-pinanedio«^bromc^^ 

The desired (+)- P inanedtoKS>1 < hloro-5.bromo-pentane-1-boronate is prepared according to the pro- 
cedure given ,n Organometallics 3. 1284 (1984). Therefore methylenechloride (9 8 ml) in^HF is cooled to 

lid U sS^T? ."■ 1 "! M S ° ,Uti0n - 114 5 mM0,) iS 3dded -r 20 min^r 15 m „^00^ 
a cold (-78 C) solution of ^pinaned»l-5-bromo-pentane-1-boronate (32,8 a 104 1 mMnh in thp *aaJ 

urymg over Ma 2 5>U 4 and removal of the solvent in vacuo, (+)-pinanediol-(S>-1-chlQrn-*Lhr«rr,^rs«r,^^ < ^ 
nate is obtained as a yellow oil which is used direct* in ihenext stotSLT^^ZT ™ 
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B) Boc.D-TMSal-Pro^NH-CH«CH2) 4 Br)B.OPin 

hr at room temperature. c| f2g 8 , 6 56 N solution, 196 mMol) in 

After this periode. the reaction ^re -s re-o-ed to -76 ^ J temperature. The mixture 
dioxan is added, the solution is stirred for 45 iron ^at -78 ^VMtor* 

I cooled to -15-C. Boc-TMSal-Pro-ONSu (29.7 g. 65.2 m ^ *S^^y. 15 *tor1 hr.the 
famine (16, m.. 130.4 mMo.) is ^^^^ h ^ 

mixture is stirred for 2 hr at nom J^^ c ^Ze^s with ether. After drying over Na^O, and 

^^^^^^ 

from ether/hexane as a white crystalline compound, mp: 74»C. 
OBoc-D-TMSal-Pro-NH-CHWC^NJB-OPin 

— 

(c=1.0inMeOH). 

Example 5 

2 5 Boc-D-TMSal-Pro-BoroLys-OPin 

crystalls, mp_ 128-129-C; a D = -59.6- (c=1.0 in MeOH). 
Example 6 

R^-D-TMSal-Pro-^ HAm-OPin (benzene sulfonate) 

Theb en Z enesu,fona^^ 
methand,Cvnamide(210mg 5^^^ 

reactionismonitoredby ^'"w^ ^7 days, amine can no longer be 

and the appearance of the Sakaguch. streak d Mhe product _ .s MeOH and is chromatographed 

detected and the solution is concentrated «" va«£The res,due e 

on a 5 x 56 cm column Sephadex LH-20 w^ MeOH. H ^ 

The desired product is obtained as a white foam. a 0 - -40.8 «c-u. 



30 



35 



40 



Examples 7-29 

45 By methods analogous to those in Examples 1-6. the impounds of formula 

Qi 

/ 

V - NH - CH - CO - AA - N - CH - B 

50 | I I V 



Rll R< Rs' Q: 



55 
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TABLE I 



5 


Ex 


V R X1 






Qi+Q 2 


A A 


I _i 20 
l«Ji> 


u sox vent 




7 


Boc c) 


H 


-(CB 2 ) 3 -NB 2 


a) 


Pro 


-27,8° 


0,5 EtOH 




8 


Boc c) 


H 


-(CB 2 ) 3 NBC(NB)NB 2 


a > 


Pro 


-75,0° 


1,0 CH 2 C1 2 




9 


Boc e) 


B 


-(CB 2 )«N 3 


a) 


Pro 


-64,7° 


0,51 CB 2 C1 2 


10 


10 


Boc e) 


H 


-(CB 2 ) 2 SiMe 3 


a) 


Pro 


-57, 0 e 


0,5 CB2CI2 




11 


Boc d) 


H 


-(CB 2 ) 2 SiMe 3 


a) 


Pro 


-59,3° 


1,0 CH 2 C1 2 




12 


Ac c) 


H 


-(CB 2 ) 3 NBC(NH)NB 2 


a > 


Pro 


-80,2° 


0,5 CH2CI2 


15 


13 


Boc e) 


H 


-(CB 2 ) 3 NBC(NB)NB 2 


a) 


Pro 


-42, 3 e 


0,5 CH 2 C1 2 


14 


Boc c) 


H 


-(CB 2 )«NBC(NH)NB 2 


a > 


Pro 


-18,8° 


0,5 EtOH 




15 


Boc e) 


H 


-(CB 2 ) 4 NBC(NH)NB 2 


a > 


Pro 


-61,7" 


0,41 CB 2 C1 2 




16 


Boc e) 


H 


-(CB 2 ) 4 NB 2 


a) 


Pro 


-52,4" 


0,54 CH 2 C1 2 


20 


17 


Boc d) 


H 


-(CB 2 ) 3 NBC(NB)NB 2 


b) 


Pro 


-35,8° 


1,0 EtOAc 




18 


Boc e) 


H 


-(CH 2 ) 3 -NB 2 


a) 


Pro 


-10,6° 


0,5 CH 2 C1 2 




19 


Boc d) 


e 


-(CB 2 ) 3 NBC(NB)NB 2 


b) 


Gly 


+ 8,8° 


0,5 EtOAc 


25 


20 


Ac c) 


e 


-(CB 2 ) 3 -NB 2 


a) 


Pro 


-78,6° 


0,75 CH 2 C1 2 


21 


Boc e) 


H 


>(CB 2 ) 3 -NB 2 


b> 


Gly 


-4,4° 


0,5 CB 2 C1 2 




22 


Boc f ) 


H 


-(CB 2 ) 3 -N 3 


a) 


Pro 


-76,0° 


0,5 CH 2 C1 2 




23 


Boc f ) 


H 


-(CB 2 ) 3 -NB 2 


a) 


Pro 


-25,4° 


0,5 CH 2 C1 2 


30 


24 


Boc f ) 


B 


-(CB 2 ) 3 NBC(NB)NH 2 


a) 


Pro 


-34,8" 


0,5 CH 2 C1 2 




25 


Boc d) 


B 


-(CB 2 ) 4 NBC(NB)NB 2 


a) 


Gly 


-14,7° 


1,0 MeOH 




26 


Boc d) 


B 


-(CB 2 ) 4 NB 2 


a) 


Gly 


-30,6 


0,5 EtOH 


35 


27 


Boc d) 


B 


-(CB 2 ) 4 NB 2 


a) 


Asp 


-18,4° 


0,5 MeOH 


28 


H d) 


B 


-(CB 2 ) 3 NB 2 


a) 


Pro 


-53,6 


0,32 MeOH 




29 


Boc d) 


B 


-(CH 2 ) 4 0C 2 B 5 


a ) 


Pro 


-54,2 


0,5 MeOH 



40 Example 30 

Boc-D-TMSal-Pro-BoroMpg-OPin 

A) (+)-PinanedioKS^1-chlor6-4-methoxy-butane-1-boronate 

45 

3-Methoxy-1-propene (6.0 g, 83,3 mMol) is reacted with catecholborane (1 0.0 g t 83.3 mMol) at 1 00°C over 
24 hr. The crude product is distilled in vacuo to give 3-methoxy-propane-1-boronate as a colourless oil. 
(+)-Pinanedk>l(1 0.6 g, 62.5 g mMol) is dissolved in THF and the above synthesized 3-methoxy-propane-1-boro- 
nate (12.0 g, 62.5 mMol) is added. After 1 hr at room temperature, the THF is removed in vacuo and the residue 
50 is purified by flash chromatography (80:20 hexane/EtOAc) to give (+)-pinanedioi-3-methoxy-propane-1-boro- 
nate as a colourless oil. 

The desired (+)-pinanediol-(S)-1-chloro-4-methoxy-butane-1-boronate is prepared according to the pro- 
cedure given in Organometallics 3, 1284 (1984). Therefore methyl enechloride (2.2 ml) in THF is cooled to - 
100°C and n-butyllithium (1 3.8 ml 1.6 M solution, 22.0 mMol) is added over 20 min. After 1 5 min at -1 00°C, a 
55 solution of (+>-pinanediol-3-methoxy-propane-1-boronate (5.04 g, 20 mMol) in THF is added followed by 
anhydrous ZnCI 2 (1 .42 g, 10.0 mMol). After additional 1 5 min at -1 00°C the reaction mixture is warmed to room 
temperature and stirred for 2 hr at this temperature. The solvent is removed in vacuo, the residue is diluted 
with ether and washed with water. The organic layer is dried over Na 2 S0 4 and is concentrated to give an oil 
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10 



15 



20 



25 



which is purif.ec by «a,h chromatography (9:1 hexane/EtOAc) to give the desired (^pinanedioKSH^oro- 
4-methoxy-butane-1-boronate as a colourless oil. 

B) Boc-D-TMSal-Pro-BoroMpg-OPin 

Aso.utionofLiN(SiMe^ 
of step A) (1.53 g. 5.0 mMol) in THF is added. After shmng fo -1 £-78 CJta «*» 
room temperature. After this periode. the T^^iT^JiS fo" h at room temperature. 
15-0 mMol) in dioxan^ 

The mixture is cooled to-15°C.Boc>TMSai-Kro-uiMDuv^oy / the 

triethylamine (1.39 m., 10.0 mMol) is added ^^ZtZ^Zo^^e^ * acuo: 
mixture is stirred for 2 hr at room •"•^T^^ 5% NaSnd finally with brine. After removal 
TheresidueisdilutedwithEtOAcandiswashed^ 

of the solvent, an oil is obtained which is punfied by flash chromatography (EtOAc) giv 
BoroMpg-OPin as a white foam, a D = -48.B* (c=0.25 in CH 2 Cl2). 

Example 31 

Boc-D-(P^TBDPS-Q^methvl)Ph al.Pro-BoroOrn-OPin 
A)Boc-D-(pH(1.1-dimethy1ethyl)diphenyl-snyl)oxy)methylphenylalanine 

.norder.selecf.e.yreduc.meazidognoupinthe 

a suspension of SnC. 2 (3.12 g. 16.5 mMol) J ne *^^ ■^ im& - 
solution is obtained. Boc-anhydride (4.8 g. 22.0 ^V^^S^S^ (%de>95%.8 g, 11.0 
myl)di-pheny.-si.y.^^ 

mMol). prepared according to the procedure g.ven in J. £^J^5h N NaOH and filtered 

inCHC, After stirring for 2.5 hr at room temperature, t ^^^J^£^^ fc ^w«hl«*». 
overHyflo.Theorganic.ayeriswashedwi^ 
AfterdryingoverNa.SO.andconcentrabon.nvacuomeobte.^dyen 

to gK,e <3(2S).4S)-M2K((«e^ g. 2.88 

thyl)-phenyl-1^xopropyl)^(phenylmethyl)-2-oxazohd.none a s a white team AIW 1.76 

mS is dissolved in THF/water an is hydrolyzec wrfh J^^^^* L residue is adjus- 
L^2^^ 

foam; 

«, B)Boc-r>(pmi-dime^^^ 

DCC (0.59 g. 2.88 mMo,) is added to a mature of ^^J£»«i^J^ 
p-nitrophenol (0.43 g. 3.12 mMo.) in EtOA^^ 

Ster cooling to O'C. 

vacuo. The resulting oil (BocDHP-TBDPS-O-M e >™^"" d jn ^ and an apueous solution of L-prol.ne 
Boc-D-(p-TBDPS-0-Me)-Phal-ONp(22g.2.88mMo ')« d ^'^ ^ hf at ^ temperature the THF is 
(365 mg, 3,7 mMo, and * .33 mMo. ^L^Zl^ oily product s extracted 
removed in vacuo. The P H .s adjusted to 3 by a ^g wim brine, dried over NajSO, and con- 

sever, times with EtOAc^e ^mbined ^ tSESSi, CP* CH^EtOH to e,uate p-nitrc- 
centrated in vacuo. The colourless on is P"™ 6 " * ^ . Phal-Pro-OH as a white foam, 
phenol, then 80:20 CH 2 CI 2 /EtOH) to gwe B °^™^™ ™ HO NSu (220 mg. 2.47 mMol) and 

Me)-Phal-Pro-ONSu is obtained as a white foam. 
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C) Boc-D-(p-TBDPS-0-Me)-Phal-Pro-Baa-OPin ^ 

The title compound is obtained by using the analogous one-pot 3-step procedure described for the synth- 
esis of Boc-D-TMSal-Pro-Baa-OPin in Example 1/C. Therefore the intermediate a-amino-boronate, which 
5 results from the reaction of the chiral a-chloro-boronate ((+)-pinanediol-(S)-1-chlon>4-bromo-butane-1-boro- 
nate) (659 mg. 2.0 mMol) with UN(SiMe 3 ) 2 (2.0 mMol) and hydrolysis with HCI, is reacted with the active ester 
of step B) (1.45 g, 2.0 mMol) in the presence of Et 3 N (4.0 mMol) to give the title compound which is purified by 
flash chromatography (1:1 hexane/EtOAc). 

10 D) Boc-D-(p-TBDPS-0-Me)-Phal-Pro-BoroOrn-OPin 

The product of step C) (680 mg, 0.72 mMol) is dissolved in DMSO and sodium azide (94 mg, 1.44 mMol) 
is added. The mixture is stirred for 4 hr at room temperature. Ether/ice water is added, and immediately white 
crystalls are precipitated out of the mixture. The white precipitate is filtered off and washed with water to give 
15 Boc-D-(p-TBDPPS-(>Me)-Phal-Pro-NH-CH((CH2)3N3)B-OPin as a white crystalline compound. 

This azide (272 mg, 0.3 mMol) is dissolved in EtOAc and is hydrogenated in the presence of Lindlar-Catalyst 
After 8 hr, the catalyst is removed and the solution is concentrated in vacuo. The crude product is purified by 
flash chromatography (EtOAc then EtOH) to give the desired title compound as a white foam, ap = -32.4° 
(c=0.25 in MeOH). 

20 

Example 32 

Boc-D-(p-OH-Me)-Phal-Pro-BoroOrn-OPin 

25 The boro-omithin of Example 31 (132 mg, 0.15 mMol) is dissolved in THF arid is reacted with n-Bu 4 NF (0.3 
ml 1.1 M solution, 0.3 mMol). After 45 min at room temperature ice water is added and the resulting mixture is 
extracted several times with EtOAc. The combined organic layers are dried over Na 2 S0 4 and concentrated in 
vacuo. The resulting oil is purified by a short chromatography (EtOAc then EtOH) to give the desired title com- 
pound as a white foam, a D = -34.0°C (c=0.1 in MeOH). 

30 

Example 33 

Boc-D-TMS-al-Adgly-boroPro-OP i n 

35 A^ L-1-Adamantylglycine 

(3(2S),4S^3-(2-Azido-2-adamant-1^ (% de > 95; 9,86 g, 

25,0 mMol), prepared according to the procedure given in J. Am. Chem. Soc. 109, 6881 (1987), is dissolved 
in 320 ml of a mixture of THF/H 2 0 (3:1 ), cooled to 0°C, mixed with 4 equrv. of hydrogen peroxide and 2,0 equiv. 

40 of LiOH. The resulting mixture is stirred at 0°C until the substrate has been consumed (30 min.), and the 
peroxide (percarboxylate) is quenched at 0°C with 10% excess of 1,5 N aq Na2S0 3 . After buffering with aqueous 
NaHC0 3 (pH 9-10) the mixture is extracted several times with EtOAc to remove the oxazolidinone chiral 
auxiliary. The product carboxyjic acid is isolated by EtOAc extraction of the acidified (pH 1-2) aqueous phase, 
drying over Na 2 S0 4 and concentration in vacuo. The desired (S)-azido-adamant-1-yt-acetic acid is isolated 

45 as white crystalls (5,29 g) and is used in the next step without further purification. 2(S)-Azido-adamant-1-ylacetic 
acid (5,29 g, 22,5 Mmol) is dissolved in 110 ml of EtOH and 11,3 ml of 2 N HCI, and is hydrogenated in the 
presence of 0,7 g of 10% Pd/C. After 2,5 h, catalyst is removed and the solution is concentrated in vacuo to 
yield the desired aminoactd as the hydrochloride salt The obtained hydrochloride is suspended in 40 ml of H 2 0 
and is treated with 1,9 g of solid NaHC0 3 . The obtained amino acid is filtered off and washed several times 

so with water. After drying in vacuo, L-T-adamantyl-glycine is obtained as a white crystalline compound, [afo 20 = 
+ 3,0 (c = 1,0 in MeOH). 

B. Boc-D-TMSal-Adgly-ONSu 

55 Boc-D-TMSal-ONp (7,71 g, 20,2 mMol) of example 1 is dissolved in THF and an aqueous solution of 

equimolar amounts of 1-adamantyl-glycine and Et 3 N is added. After 20 h at room temperature the THF is 
removed in vacuo and the aqueous residue is diluted with 1 50 ml of 0,1 N HCI, and then extracted several times 
with EtOAc. The combined organic layers are washed with brine, dried over Na 2 S0 4 and concentrated in vacuo. 

14 
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Th.L h l miXtUr l iS Stifredf0r 1 hra, " 13 °- Warmed UP to r00m temperatu re andstin B dfor2 hratthistemperaturfi 
mSSSSS*. concentrated in vacuo, the residue is diluted wrth ether and washed with 

civst!^li2e^on «t ^ bnne. The organic layer is dried over N32SO4 and concentrated in vacuo. The residue 
^ crystalled on stand.ng to g,ve the desired chiral peptide boronate as a white crystalline compound. 

Dj Boc-D-TMSal-Pro-NH-CHfiCH^ N ^BOPin 

Boc-D-TMSal-Pro-BaaOPin, the product of step C (804 mg, 1 2 mMol) is dissolved in 13 ml of DMSO anri 
sod.um az,de (156 mg. 2.4 mMol) is added. The mixture is stirred for 3 hours at room temiratre E^/ ice 
« i! « ' ^i™?** °»* « P-ipitated out of the mixture. The SS^SSS i s Z 
tered off and washed wrth ether to give 0.6 g of the azide as a white crystalline compound. 

Example 2 

5 Boc-D-TMSa)-Pro-BoroOrn-OPin 

^^l^/^iS^,* - .^ In 25 rt Et ° Acand is ^enated in the pre- 
vTeld « I t k • 1 03131X51 " rem ° Ved and the so,ution is concentrated in vacuo to 

Example 3 

Boc-D-TMSal- Pro-boroAro-OPin ( benzene sulfonate) 

The desired product is obtained as a white foam 
[a] 0 » = - 45.3° (c = I in CHzQj). 

Example 4 

Boc-D-TMSal-P ro.NH-CHffCH ? ) 3 N,, )B-OPin 
A)(+^pinanediol-(S)-1-chloro-5-bromo-pentane-1-boronate 

4 ,lTTJ' bUtene (2 ° 8 "* 2 ° 3 - 3 mMol) 13 reacte ° with catecholborane (24 4 g 203 3 mMoll at ioot 
™. ^ Pr0dUCt " ^ " ~ 10 ^ ^-o-butane-1-L^ ^tale 

■mST^S^^^S^ \ J"*" - " THF 3nd *• 3b ° ve ^ thesized 4-bromo-butane-l.boronate 

a l^r ^ ^" th ' Um (?1 - 6 m ' 1 ' 6 M SOlution - 114 - 5 mMol > is a °°<* over 20 min ^ter iTminTlOo'c 
a cold (-78'C) solution of (^pinanedtol-S-bromo-pentane-l-boronate (32 8 a 104 i !XZL I tuc °° ' 

1 00 C the reaction mixture b warmed to room temperature and stirred for 2 hr at this temoerahm! Th* «T 
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B) Boc-D-TMSal-P«)rNH.CH((CH 2 )4Br)B-OPin 

hr at room temperature. „^-h to -7B°C HCI (29.8 ml 6.56 N solution, 196 mMol) in 

After this periode, the reaction mojure ,s «Mb 78 C HC. ( temperature . The mixture 

dioxan is added, the solution is *^"™?: n ° 2 '^? E ^ .1 in CH,CI 2 is added before 
is cooled to -15-C. Boc-TMSal-Pro-ONSu (29.7 g. 65.2 mMol) ot » ^ tirrj at . 15 . C fori hr, the 
famine (18.1 ml. 130.4 mMol) is added ^^CreToTH^TLcent^d in vacuo, 
mixture is stored for 2 hr at room »«^^3^^ with emer. After drying over Na^O, and 

^^^^ 

, — oo c white crvstailine compound, mp: 74°C. 



concentration in vacuo uic uw..^ ~ 7 . or 

from ether/hexane as a white crystalline compound, mp. 74 C 

C) Boc-D.TMSal-ProNH-CH((CH2)4N3)B-OPin 

(c=1.0 in MeOH). 
Example 5 
5 Boc-D-TMSal-Pro-BoroLys-OPin 

crystalls, mp_ 128-129-C; a D = -59.6- (c=1 .0 in MeOH). 
Example 6 

BocD-TMSal-Pro-RomHAro-OPin / benzene sulfonate) 

Theben,enesu.na te ofBo^^ 
in ethanol. Cynamide (210 mg. S.OmMol) m ^^^^Z^spoi^eB^^mr^^ 
reactionismonitoredbyRP-TLCinwh^ 

and the appearance of the Sakagu^Kof^ in MeOH and is chromatographed 

detected and the solution ,s concentrated " ™™° n ™ ere 
on a 5 x 55 cm column Sephadex LH-20 wtf i MeOH. ^ _ ^ 

The desired product is obtained as a white foam, a 0 - -40.B (cru.o 
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Examples 7-29 

By methods analogous to those in Examples 1-6. the compounds of formula 

Qi 

/ 



50 



V._ NH - CH - CO - AA - N - CH - 



R 
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TABLE I 



Ex 






R 5 ' 




AA 


!«1d" 


C 


solvent 


7 


Boc c) 


B 


-(CB 2 )j-NB 2 


a) 


Pro 


-27,8° 


0,5 


EtOB 


8 


Boc c) 


H 


-(CB 2 ) 3 NBC(NB)NB 2 


a) 


Pro 


-75,0° 


1,0 


CB 2 C1 2 


9 


Boc e) 


H 


-(CB 2 )«N 3 


a) 


Pro 


-64,7° 


0,51 CB 2 C1 2 


10 


Boc e) 


E 


-(CB 2 ) 2 SiMe s 


a) 


Pro 


-57,0° 


0,5 


CB 2 C1 2 


11 


Boc d) 


H 


-(CB 2 ) 2 SiMe 3 


a) 


Pro 


-59, 3 c 


1,0 


CB 2 C1 2 


12 


Ac c> 


B 


-(CB 2 ) 3 NHC(NB)NB 2 


a ) 


Pro 


-80,2° 


0,5 


CB 2 C1 2 


13 


Boc e) 


H 


-(CB 2 ) 3 NBC(NB)NB 2 


a > 


Pro 


-42,3° 


0,5 


CB 2 C1 2 


14 


Boc c) 


H 


-(CB 2 ) 4 NBC(NB)NB 2 


a) 


Pro 


-18,8° 


0,5 


EtOB 


15 


Boc e) 


B 


-(CB 2 ) 4 NHC(NB)NB 2 


a) 


Pro 


-61,7° 


0,41 


CB 2 C1 2 


16 


Boc e) 


B 


-(CB 2 ) 4 NB 2 


a) 


Pro 


-52,4° 


0,54 CH 2 C1 2 


17 


Boc d) 


H 


-(CB 2 ) 3 NHC(NB)NB 2 


b) 


Pro 


-35,8° 


1,0 


EtOAc 


18 


Boc e) 


E 


-(CB 2 ) 3 -NH 2 


a) 


Pro 


-10,6° 


0,5 


CB 2 C1 2 


19 


Boc d) 


H 


-(CB 2 ) 3 NHC(NH)NH 2 


b > 


Gly 


+ 8,8° 


0,5 


EtOAc 


20 


Ac c) 


B 


-(CB 2 ) 3 -NB 2 


a) 


Pro 


-78,6° 


0,75 CB 2 C1 2 


21 


Boc e) 


H 


-<CB 2 ) 3 -NB 2 


b) 


Gly 


-4,4° 


0,5 


CB 2 C1 2 


22 


Boc f) 


B 


-<CB 2 ) 3 -N 3 


a) 


Pro 


-76, 0 8 


0,5 


CB 2 C1 2 


23 


Boc f) 


B 


-(CB 2 ) 3 -NB 2 


a) 


Pro 


-25,4° 


0,5 


CB 2 C1 2 


24 


Boc f) 


B 


-(CB 2 ) 3 NBC(NB)NB 2 


a) 


Pro 


-34,8° 


0,5 


CB 2 C1 2 


25 


Boc d) 


B 


-(CB 2 ) 4 NHC(NB)NB 2 


a) 


Gly 


-14,7" 


1,0 


MeOB 


26 


Boc d) 


B 


-(CB 2 ),NH 2 


a) 


Gly 


-30,6 


0,5 


EtOB 


27 


Boc d) 


B 


-(CB 2 )«NH 2 


a) 


Asp 


-18, 4° 


0,5 


MeOB 


28 


H d) 


B 


-(CB 2 ) 3 NB 2 


a) 


Pro 


-53,6 


0,32 


MeOB 


29 


Boc d) 


B 


-(CB 2 ) 4 0C 2 B 5 


a) 


Pro 


-54,2 


0,5 


MeOB 



Example 30 

Boc-D-TMSal-Pro-BoroMpg-OPin 

A) (+)-Pinanediol-(S)-1^hlorD-4-methoxy-butane-1-boronate 

3-Methoxy-Vpropene (6.0 g t 83,3 mMol) is reacted with catecholborane (10.0g, 83.3 mMol) at 100°C over 
24 hr. The crude product is distilled in vacuo to give 3-methoxy-propane-1-boronate as a colourless oil. 
(+)-Pinanedk>l(10.6g, 62.5 g mMol) is dissolved in THF and the above synthesized 3-methoxy-propane-1-boro- 
nate (12.0 g, 62.5 mMol) is added. After 1 hr at room temperature, the THF is removed in vacuo and the residue 
is purified by flash chromatography (80:20 hexane/EtOAc) to give (-»-)-pinanediol-3-methoxy-propane-1-boro- 
nate as a colourless oil. 

The desired (+)-pinanediol-(S)-1-chloro-4-methoxy-butane-1-boronate is prepared according to the pro- 
cedure given in Organometallics 3, 1284 (1984). Therefore methyl enechloride (2.2 ml) in THF is cooled to - 
100°e and n-butyllithium (13.8 ml 1.6 M solution, 22.0 mMol) is added over 20 min. After 15 min at-100°C, a 
solution of (+)-pinanediol-3-methoxy-propane-i-b6ronate (5.04 g, 20 mMol) in THF is added followed by 
anhydrous 2nCI 2 (1 .42 g, iO.O mMol). After additional 1 5 min at -1 00°C the reaction mixture is warmed to room 
temperature and stirred for 2 hr at this temperature. The solvent is removed in vacuo, the residue is diluted 
with ether and washed with water. The organic layer is dried over Na 2 S0 4 and is concentrated to give an oil 
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which is purified byflash chromatography (9:1 hexane/EtOAc) to give the desired ( + )-pinanedio.-(S)-^h,oro- 
4-mewoxy-butane-1-boronate as a colourless oil. 

B) Boc-D-TMSal-Pro-BoroMpg-OPin 
ofa^^ 

of the solvent, an oil is obtained which is purified by flash chromatography (EtOAc) to g rve Boc-D TMSa. Pro- 
BoroMpg-OPin as a white foam, oo = -48.8° (c=0.25 in CH^y. 

Example 31 

Boc-D-(p-<TBDPS-0)methyl) Phal.Pro-BoroOm-OPin 
A)Boc-D-(P-{(1.'t-di'nethylethyl)dipheny1-silyl)oxy)methylphenylalanine 

««H^.TI»o,g.ni=lay»i S «a^^^ 

Jw) is diss**, in THF/Water « is in» »"^^ ( « ^1™**- is 



foam. 



B)Boc-D-(jH((1.1S^ 

OCC (0.59 g. 2.88 mMo.) is added to a mjure* ^^^^^^^ 
p-nitropheno.^ 
After cooling to O'C.t^^ 

vacuo. The resulting oil (Boc-D^p-TBDPS-0-Me)-KnaKwiNp; u flnuGO us solution of L-proline 

Boc-D-<p,TBDPS-0^^^ 

(365 mg. 3.17 mMol) and Et,N (0.88 ml. 6.33 mMo.) Th e reLTting ofly product is extracted 

removed in vacuo. The P H is adjusted to 3 ^^^^^^S3U over Na^O, and con- 
several times with EtOAc. The comb.ned organic layers are washeo^ mm on , fe itro _ 

, centred in vac*o. ^^ 

phenol, then 80:20 CH,CI 2 /EtOH) ,tc > g.ve B^^^^g ^ 0 < HONSu (220 mg. 2.47 mMo.) and 
This dipeptide (1 .3 g. 2mmMo.) ■ jd-o -d ^"rjc. the dicydohexylurea is filtered off and 

DCC (330 mg. 2 06 mMo. areadded The m^re . recoole with aqueous 0 .1 M Na 2 CO, 8% NaHSO and 

Me)-Pha!-Pro-ONSu is obtained as a white foam. 
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C)Boc-D-(p-TBDPS-0-Me)-Phal-Pro-Baa-OPin 

The tide compound is obtained by using the analogous one-pot 3-step P^ ure deSOT ^ 0 ^ 
esis of Boc-D-TMSa.-Pro-Baa-OPin in Example 1/C. Therefore the intermediate f V^*T^^ 
5 results from the reaction of the chiral a-chloro-boronate (( + )-pinaned,oKS>-1-chloro^^ror^butane-1-bo^ 
"ate) (659 mg. 2.0 mMo.) with LiN(SiMe 3 ) 2 (2.0 mMo.) and hydrolysis with ™-"™«* d ^* C ^" 
of step B) (1.45 g. 2.0 mMol) in the presence of Et 3 N (4.0 mMol) to give the title compound wh.ch is punfied by 
flash chromatography (1:1 hexane/EtOAc). 

10 D)Boc-D-(p-TBDPS-0-Me)-Phal-Pro-BoroOrn-OPin 

The oroduct of step C) (680 mg. 0.72 mMol) is dissolved in DMSO and sodium azide (94 mg. 1.44 mMol) 
. is added^em^is stiied for4 hrat mom temperature. Ether/ice water is added, anc I immedfcte y white 
crvstalls are precipitated out of the mixture. The white precipitate is filtered off and washed wrth water to g.ve 
is Boc-D-(p-TBDPPS-0-Me)-Phal-Pro-NH-CH((CH 2 )3N,)B-OPin as a white crystalline compound. 

TWs arte (272 mg. 0.3 mMol) is dissolved in EtOAc and is hydrogenated in the presence of Undlar-Cata^sL 
AneVThr £e catalyst is removed and me solution is concentrated in vacuo. The cn,de product .s punfied by 
flash chromatography (EtOAc then EtOH) to give the desired title compound as a white foam, op - -32.4 
(c*0.25 in MeOH). 
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Example 32 

Boc-D-(p-OH-Me)-Phal-Pro-BoroOrn-OPin 

The boro-omithin of Example 31 (132 mg, 0.15 mMol) is dissolved in THF and is reacted with , n-BiuNF (0.3 
ml 1 1 M solution. 0.3 mMol). After 45 min at room temperature ice water is added and the resulting mixture » 
Extracted several times with EtOAc. The combined organic layers are dried over ^O. and concentrated^ 
vacuo. The resulting oil is purified by a short chromatography (EtOAc then EtOH) to gnre the desrred trtie com- 
pound as a white foam. o D = -34.0°C (c=0.1 in MeOH). 



Example 33 

Boc-D-TMS-al-Adgly-boroPTO-OPin 
35 A. L-1-Adamantylglycine 

(3(2S)4S)-3-<2-Azidc-2-adarnant-1^ (% de > 95; 9.86 g. 

25,0 mMol . prepared according to the procedure given in J. Am. Chem. Soc. 109. 6881 (1987). ,s dssolved 
in 320 ml of amixture of THF/H 2 0 (3:1), cooled to 0'C. mixed with 4 equhr. of hydrogen peroxide and 2,0 equ£ 

40 of LiOH. The resulting mixture is stirred at 0«C until the substrate has been consumed (30 rn.nO. and the 
peroxide (percarboxylate) is quenched at 0«Cwith10% excess of 1.5 NaqN a2 S0 3 . After bufienngwrth aqueous 
NaHCO, (pH 9-10) the mixture is extracted several times with EtOAc to remove the oxazohdmone chral 
auxiliary. The product carboxylic acid is isolated by EtOAc extraction of the acidified (pH 1-2 aqueous phase 
drying over Na 2 S0 4 and concentration in vacuo. The desired (S)-azido^damant--1-y.-acebc acid ,s isolated 

45 aswhitecrystalls(5.29g)andisusedinthenextstepwithoutfurtherpurification.^ 

acid " 5 .2^ 22.5 Mmo. is dissolved in 110 ml of EtOH and 11.3 ml of 2 N HCI, and « hydrogenated <n the 
presence of 0.7 g of 10% Pd/C. After 2.5 h. catalyst is removed and the solution is concentrated .n vacuo to 
yieldthe desired aminoacid as the hydrochloride salt The obtained hydrochloride is suspended in 40 ml of H 2 0 
and is treated with 1.9 g of solid NaHCO s . The obtained amino acid is filtered off and washed several times 

50 with water. After drying in vacuo, L-1-adamantyl-glycine is obtained as a white crystalline compound. (a] D - 
+ 3,0 (c = 1.0 in MeOH). 

B. Boc-D-TMSal-Adgly-ONSu 

Boc-D-TMSal-ONp (7.71 g. 20.2 mMol) of example 1 is dissolved in THF and an aqueous solution of 
equimolar amounts of 1-adamantyl-glycine and Et 3 N is added. After 20 h at room temperature the THF « 
removed in vacuo and the aqueous residue is diluted with 1 50 ml of 0,1 NHCI, and then extracted several times 
with EtOAc. The combined organic layers are washed with brine, dried over Na 2 S0 4 and concentrated m vacuo. 
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a * ■ ^mmatoaraphed on silica gel (CH 2 CI 2 ) to g.ve .the '^^^ ^ to O'C, HONSu 



foam. 



10 



15 



20 



""^e decompound is obtained by using the ^^Z"^^^^^^^^ 
■ Lf nnr n-TMSal-Pro-Baa-OPin in example 1/C. Due to tne ^ reactl0n o{ the 

"ajor product Rash 

mp:187.188-C.lalo«-^(c=1.0.nCH 2 a 2 ). 
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Claims 

1 . A compound of formula I 



Qi 

* 1 (I) 
V - Y - N - CH - B 



\ 

wherein: 
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R „ R, ai«l R. •I™*™!' "* ~™ . . w „„ o~„ and ft^alkoxy; 
suM >itut«l by w » W 9"»» 8 s^ecBiW" C, ^ kX. » •» . 
R, is hydrogen or d-ioalkyl 
R 5 is a group -A-X; wherein 

CH^CHrCH(CH 3 )-CHr: (CHa)rCH(CHd. l<-"2>3 c^alkylthio or -S.(CH 3 ) 3 or 

A compound according to claim 1 in which W is H(CH 2 CH 2 0)p . f*6 
. p = 3-30 

S^M. Phenyl, b.nzy.ornaphthy.and 
£ = phenyl, naphthyl or Calkylphenyl 



